Success of epidermal growth factor receptor (EGFR) targeting agents in different cancer types is related to EGFR gene mutations and/or copy number gains. We investigated the EGFR gene status and protein expression by DNA mutational analysis, fluorescence in situ hybridization (FISH), and immunohistochemistry in tumor tissues from 80 patients with primary and corresponding recurrent ovarian serous carcinomas. The patients were classified into six groups with ascending EGFR gene copy numbers. EGFR amplification and high polysomy (FISH þ ) was present in a significant fraction of the primary (20%) and recurrent (22%) ovarian carcinomas. On mutational analysis, only one tumor with a silent EGFR mutation was observed, and this was the only carcinoma with high-level amplification. EGFR protein immunoexpression was seen in 28% of primary and 33% of recurrent carcinomas and correlated to amplification in the primary tumors (P ¼ 0.003). In recurrent carcinoma, moderate and strong EGFR expression was associated with amplification (P ¼ 0.034). These molecular events potentially have impact on the responsiveness to EGFR targeting agents in ovarian cancer.
Ovarian cancer is usually diagnosed in advanced stages, which cannot be cured by surgery and adjuvant platinum-based chemotherapy alone. Therefore, recurrences are a major therapeutic challenge and second-line drugs are needed. Antineoplastic drugs that selectively inhibit the epidermal growth factor receptor (EGFR) are currently undergoing clinical trials. Preliminary data on therapy success in ovarian carcinoma are so far controversial. Schilder et al 1 reported that one out of 27 patients with the EGFR mutation experienced a long-lasting response to the selective EGFR inhibitor gefitinib, whereas patients without mutations failed to respond. In contrast, Lacroix et al 2 reported that the response of patients with platinum-resistant ovarian cancers to gefitinib was independent from EGFR mutational status. Their study revealed a high rate of overall therapy response (63%) associated with the combination of gefitinib and paclitaxelcarboplatin. In other cancers, EGFR-activating mutations were associated with enhanced sensitivity to EGFR inhibitors. [3] [4] [5] Some studies showed that gene copy number gains detected by fluorescence in situ hybridization (FISH) were as well important for the success of EGFR targeting therapy. [6] [7] [8] [9] In particular, one recent study by Cappuzzo et al 9 in lung cancer stratified groups according to gene copy number changes and observed a significant impact on gefitinib response. EGFR-FISH data in ovarian carcinoma are so far not available. We therefore performed a thorough investigation of EGFR in a series of primary ovarian cancers and their corresponding recurrences. This included an analysis of EGFR gene copy number changes according to the analysis method by Cappuzzo et al, 9 EGFR mutational analysis and EGFR immunohistochemistry.
Materials and methods

Patients
Primary tumors from 80 patients with advanced ovarian serous carcinoma from the years 1985 to 2003 were collected for this study. All patients had recurrences after receiving primary surgery and at least three cycles of platinum-based adjuvant chemotherapy. We investigated tissue from the primary tumors and the matched recurrences. All tumors were diagnosed at the Institute of Pathology, University of Basel and the Cantonal Hospitals of Baden, Liestal and St Gallen, Switzerland, and were re-examined for this study. The study was performed according to the guidelines of the institutional review boards of the participating institutions. Patient's age ranged from 20 to 77 years (median age of 59 years). The clinical data, including surgical and systemic treatment characteristics, were collected from the medical records. Chemoresistance was defined as recurrence occurring within 6 months after completion of platinum-based chemotherapy. 10 Tissue Microarray (TMA)
Tissue samples were fixed in buffered 4% formalin, embedded in paraffin, and used to construct a TMA. 11 Briefly, hematoxylin-eosin-stained sections were made from each selected primary block (donor blocks) to define representative tissue regions. Tissue cylinders (0.6 mm in diameter) were then punched from the region of the donor block with the use of a custom-made precision instrument (Beecher Instruments, Silver Spring, MD, USA). Tissue cylinders were transferred to a 25 mm Â 35 mm paraffin block to produce the TMA block used for the study. The resulting TMA block was cut into 3 mm sections, which was transferred to glass slides by use of the Paraffin Sectioning Aid System (Instrumedics, Hackensack, NJ, USA). Sections from the TMA block were used for the different analyses.
Immunohistochemistry
Standard indirect immunoperoxidase procedures were used for immunohistochemistry (ABC-Elite, Vectra Laboratories) on TMAs. Immunohistochemistry was performed with a monoclonal antibody against EGFR (clone 2-18C9; PharmDx kit s K 1494, DAKO, Glostrup, Denmark). TMA was analyzed by light microscopy by use of a Â 10 objective by two independent pathologists (GSI and SS). Membranous staining in Z1% of cancer cells was considered positive, according to the EGFR PharmDx scoring guidelines. Appropriate positive and negative controls were used. EGFR immunostaining could be evaluated in 78 primary and 73 recurrent tumors. Analysis failures were owing to either lack of tissue on the TMA section or lack of vital tumor cells in the array samples.
FISH
FISH was carried out as described previously. 12 Sections (5 mm) were made from TMA blocks using an adhesive-coated slide system (Instrumedics Inc., Hackensack, NJ, USA). Sections were treated according to the Paraffin Pretreatment Reagent Kit protocol before hybridization (Vysis, IL, USA). FISH was performed with a Spectrum Orange-labeled EGFR gene probe, each in combination with a Spectrum Green-labeled centromere probe for chromosome 7 as reference (Vysis). Hybridization and posthybridization washes were performed according to the 'LSI procedure' (Vysis)
According to Cappuzzo et al, 9 patients were classified into six groups with ascending EGFR gene copy numbers (Table 1) . Briefly, disomy was defined as r2 copies in 490% of cells, low trisomy as r2 copies in Z40% of cells, 3 copies in 10-40% of the cells, Z4 copies in o10% of cells, high trisomy as r2 copies in Z40% of cells, 3 copies in Z40% of cells, Z4 copies in o10% of cells, low polysomy as Z4 copies in 10-40% of cells, high polysomy as Z4 copies in Z40% of cells, and gene amplification as the presence of EGFR gene clusters and a ratio of EGFR gene to chromosome of Z2 copies of EGFR per cell in Z10% of analyzed cells.
Polymerase Chain Reaction (PCR) Analysis
DNA was isolated from paraffin-embedded tissue as described previously. 13 Genotyping of EGFR was carried out in exons 18-21 by multiplex PCR analysis with the following primers: forward-EGFRexon18, GCTGAGGTGACCCTTGTCTC, EGFRexon19, TGCCAGTTAACGTCTTCCTTC, EGFRexon20, CAT GCGAAGCCACACTGAC and EGFRexon21, CCTCA CAGCAGGGTCTTCTC; and reverse-EGFRexon18, GGCCTGTGCCAGGGACCTTA, EGFRexon19, CCAC 
Results
EGFR Gene Copy Numbers in Serous Ovarian Carcinoma
Data on FISH analysis in primary and recurrent ovarian cancers are shown in Table 1 . According to Cappuzzo et al, 9 patients were subdivided into FISH þ (amplification or high polysomy) and FISHÀ (disomy, low trisomy, high trisomy, and low polysomy) neoplasms. FISH þ were 13 out of 64 (20.3%) primary and 11 out of 49 (22.4%) recurrent neoplasms. There was no significant difference in the frequency of FISH þ and FISHÀ tumors in the primary and recurrent carcinoma groups. Interestingly, six FISHÀ tumors out of 64 (9.4%) primary carcinomas were FISH þ in the corresponding recurrent tumors. Reversely, five FISH þ tumors out of 49 (10.2%) primary carcinomas were FISHÀ in their recurrences. Within the primary and recurrent tumor groups, no significant difference was observed between chemosensitive and chemoresistant neoplasms.
EGFR Mutations in Serous Ovarian Carcinoma
The EGFR gene mutation status was evaluated in 11 tumor specimens that were identified as amplified or as high polysomy, and in three randomly selected FISHÀ tumors. Only one tumor showed a silent point mutation in exon 20 (codon 787; ACC to ACT), which was also detectable in the recurrent tumor from the same patient. Remarkably, the primary tumor showed a ratio of EGFR gene copy number to chromosome 7 of between 7.5 and 15, with gene clusters, corresponding to the definition of amplification by Cappuzzo et al 9 ( Figure 1a) . The recurrent tumor from the same patient showed 47 copies in 440% of cells, without clustering, corresponding to the definition of high polysomy 9 ( Figure 1b) .
EGFR Protein Expression in Serous Ovarian Carcinoma
The data on EGFR protein expression in primary and recurrent serous ovarian carcinomas are sum- marized in Table 1 . EGFR protein immunoexpression in primary and recurrent neoplasms was nearly identical (Table 1 and Figure 1c ). EGFR protein overexpression was associated with EGFR gene amplification in primary tumors (P ¼ 0.003), but was not correlated to high polysomy. In recurrent carcinoma, moderate and strong EGFR expression was associated with EGFR amplification (P ¼ 0.034).
Regarding the frequency of EGFR protein expression, there was no significant difference between chemosensitive and chemoresistant tumors.
Discussion
The only two studies that investigated EGFR gene mutations in ovarian cancer showed that EGFRactivating mutations are very rare, 1,2 as was also demonstrated in a small number of carcinomas in this study. In the present study, reporting for the first time EGFR FISH data on ovarian carcinoma, tumors defined as FISH þ were observed in a remarkable proportion of over 20% of ovarian serous carcinomas. Remarkably, the only mutation-although silent-that was observed in this study was associated with a high-level gene amplification. EGFR mutations might therefore be a surrogate marker for high-level gene copy gains. Approximately 10% of FISHÀ and FISH þ primary tumors showed an inversed FISH status in their recurrences. This may be related to a true EGFR heterogeneity within the tumor specimens and/or to a bias related to the TMA technique. Thus, the total frequency of FISH þ tumors may be even higher. As shown in this study, immunohistochemistry is probably not a reliable tool for the detection of all substantial gene copy number changes, in particular high polysomy.
In conclusion, data in this study show that increased EGFR gene copy numbers are observed in a remarkable proportion of ovarian serous carcinomas, whereas mutations appear to be very rare. Based on the importance of copy number gains for EGFR targeting therapy success in other cancer types and their frequency in the present study, our results potentially have an important impact for ovarian carcinoma treatment.
